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Introduction
In sub-Saharan Africa, the diets of infants and young children (IYC) are often deficient in macronutrients, micronutrients or both (1) (2) (3) (4) . Moreover, the prevalence of undernutrition has remained very high over the past two decades (5) . In North Western Uganda, including the Arua district, the prevalence of being underweight and wasting among children aged under 5 years was 16.7% and 10.4%, respectively, above the national averages of 10.5% and 3.5% (6) , whereas the prevalence of anaemia in the same region for children aged 6-59 months was 56.4% above the national average of 52.8% (6) . If undernutrition amongst IYC is not prevented or adequately managed, it results in growth failure, delayed motor, cognitive and behavioural development and a compromised immune response, as well as an increased risk of morbidity and mortality (7, 8) . It has also been reported that IYC with moderate acute malnutrition (MAM) seldom achieve their full potential in terms of physical, intellectual or cognitive development (6) (7) (8) . For the management of MAM, studies conducted in low-and middle-income countries recommended the use of nutrient dense commercially manufactured and local supplementary foods (9) (10) (11) (12) . In sub-Saharan Africa, studies using extruded or malted supplementary foods have been conducted to gain a better understanding regarding the potential of dietary interventions to improve the nutritional status of IYC with MAM (10, (13) (14) (15) . However, there is a lack of consensus regarding the most effective strategy for the management of IYC with MAM (1) . In the present study, an energy-rich, nutrient dense hydrolysed malted sorghum-based porridge (MSBP), formulated for the purpose of the study, was used in the treatment of IYC aged 6-18 months with MAM and compared with CSB+ (standard care in Uganda). The rationale for using a MSBP formulation was that malted sorghum containing active enzymes was used to substitute a portion of the maize in the CSB+ formulation, therefore maintaining a protein: energy ratio of 1 : 4. In addition, the predigested malt, soy and maize extrudes, in addition to the sorghum dry matter, served to increase the nutrient density at the same time as attaining an acceptable viscosity.
Materials and methods

Study setting
The study was conducted in 24 rural parishes that served as clusters in the Arua district, North Western Uganda. The area is characterised by subsistence farming and vending of fruits, nuts and small fish (6) , resulting in a monotonous staple diet that predominantly consists of maize or sorghum, supplemented with beans. In addition, high food prices coupled with low household incomes contribute to countrywide food insecurity (16) . The latter is exacerbated by the influx of refugees from South Sudan who have limited access to food in the study region (17) .
Study design
A double-blind cluster randomised control trial with a duration of 3 months was conducted to compare the effect of MSBP as a supplementary porridge (treatment) with CSB+ (control), in addition to the provision of nutrition education of mothers included in both arms of the study, on the anthropometric status and haemoglobin levels of breastfed IYC with MAM. IYC who did not meet the recovery criteria for MAM at 3 months (end line), were referred to a nearby health centre for further management.
Sample size calculation and cluster randomisation
A sample size of 220 mother-IYC pairs with a desired power (Z a ) of 1.96 was calculated using the fixed clusters and flexible cluster size equation (18) . Of the 35 parishes in the Arua district, 24 were conveniently sampled from four sub-counties, with the aim of including at least 10 newly diagnosed IYC with MAM per cluster. The 24 clusters (parishes) satisfied the inequality to detect differences at the power (b) of 95% that approximates the sample size for individual randomisation at 0.05 cluster correlation (19) . After sampling, each cluster was randomly allocated to either treatment or control in a ratio of 1 : 1, with randomisation being predetermined by an independent statistician after the conveniently sampled mother-IYC pairs within a cluster were enrolled in the study. Clusters were geographically separated by either several villages, or were parishes apart.
Participant enrolment and follow-up
Breastfeeding IYC aged 6-18 months, newly diagnosed with MAM based on a weight-for-length between À3 and À2 Z-scores, were eligible for participation. Enrolment occurred in a community setting at parish level after mothers signed or thumb printed (if illiterate) an informed consent form in the local language. IYC with physical abnormalities that could affect the accuracy of anthropometric measurements, as well as those with feeding difficulties, were not eligible for participation. After enrolment, mothers were asked to bring their IYC to a specific location in their parish of residence on a weekly basis to collect the MSBP or CSB+ rations, as well as to receive nutrition education to promote appropriate complementary feeding practices in terms of meal frequency and dietary diversity of household foods fed to the IYC, in addition to education on water and food safety. Trained research assistants measured IYC weight and length on a weekly basis. Consumption of supplementary foods at household level was monitored on a weekly basis by a parish chief in collaboration with village health teams. Monitoring was carried out to ensure that the supplementary porridges were only consumed by the IYC enrolled in the present study as opposed to other household members.
Amount of supplementary porridge issued
Intervention (MSBP) and control (CSB+) supplementary porridges were issued to mothers of IYC who participated in the study on a weekly basis in prepackaged 1.050 kg bags. This allowed for a daily consumption of 150 g, with MSBP providing 2824 kJ (675 kcal) and 26 g of protein and CSB+ providing 2510 kJ (600 kcal) and 25 g of protein, respectively (Table 1) . Mothers were shown the appropriate consistency of the respective supplementary porridges and received identical cups and a teaspoon for feeding their IYC at home. In addition, they were given instructions on how to measure the correct amount of MSBP or CSB+ flours, as well as the amount of water required to reconstitute a single serving of 50 g. Mothers had to demonstrate their understanding of the procedure to cook the supplementary porridges through an interactive cooking session before the initial receipt of the supplementary rations. Additional instructions included that IYC should be fed three times a day for 3 consecutive months without sharing the porridge with household members.
Measurement of study outcomes
Demographic variables, including the gender and age (months) of IYCs, were determined. The IYC complementary feeding practices regarding minimum acceptable diet (MAD), minimum dietary diversity (MDD) and minimum meal frequency (MMF) indicators (6, 19) were determined based on a 24-h recall with reference to the World Health Organization (WHO) seven recommended food groups (19) . The length of IYCs was determined using a ShorrBoard length measuring board (Shorr Productions, Woonsocket, RI, USA). Weight was determined using a Tanita Digital scale model THD-305 with a tare function (Tanita Corporation, Tokyo, Japan).
Both the length and weight measurements were repeated twice under standard procedures in accordance with WHO standards (20) and the mean value obtained was recorded to the nearest 0.1 cm and 0.1 kg, respectively. IYC that did not meet a weight-for-length of greater than À2 Z-scores for two consecutive visits after 3 months of supplementation were recorded as not having recovered from MAM and were referred to a nearby health centre for further management. A Hb301 analyser 121805 (Hemocue, € Angelholm, Sweden) was used to determine IYC haemoglobin levels. A blood sample was obtained via a finger prick using a WHO standard procedure (21) . A blood haemoglobin concentration of less than 10.5 g dL À1 after altitude adjustment from 11 g dL À1 was recorded as anaemic (4, 22) .
Statistical analysis
Anthropometric outcome indicators were computed using the 2011 WHO ANTHRO, version 3.2.2 (23) , whereas the complementary feeding practice indicators were determined using the WHO 2008 (19) . At end line, the mean anthropometric outcomes of the treatment and control group were calculated. These variables included weight gain, length gain, length-for-age A-scores, weight-for-age Z-scores, weight-for-length Z-scores and mean blood haemoglobin levels, which were compared with baseline values using independent t-test analysis. In addition, comparison of proportions of the MMF, MDD, MAD, anthropometric outcome indicators and haemoglobin levels between the treatment and control groups were performed using Z-test analysis. P < 0.05 was considered statistically significant.
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Results
Participant enrolment and randomisation
In total, 204 of the 220 (92.7%) mother-IYC pairs who enrolled in the present study had complete data sets, with 16 being lost to follow-up. Of those who were lost to follow-up, nine had incomplete anthropometric and biochemical data sets, whereas six dropped out for personal reasons and one passed away as a result of malaria. The study randomisation and recruitment of participants, as well as those who were lost to follow-up, is illustrated in Fig. 1 .
Baseline characteristics of IYC
The mean (SD) age of IYC in the study sample was 11.9 (5.3) months, with the majority of households (97.5%) where the IYC resided comprising less than three children under the age of 59 months. The ratio of male to female IYC was 1 : 1. There was no significant difference between the IYC socio-demographic characteristics of the control versus treatment groups (Table 2) .
Feeding practices and food groups
The proportion of IYC who met MMF, MDD and MAD criteria were higher at end line compared to baseline per treatment and control groups (Fig. 2) . The Z-test analysis showed that the proportion of IYC who met MMF, MDD and MAD was statistically significantly higher (P < 0.001) at end line compared to baseline per treatment and control groups.
The proportion of IYC who consumed legumes and nuts, as well as other fruits and vegetables, in the control group was apparently higher than in the treatment group at baseline (Fig. 3) . The Z-test analysis between the treatment and control groups did not differ significantly (P > 0.05) for each of the seven food groups assessed at end line. However, there was a significant (P < 0.001) improvement in all food groups at end line.
Anthropometric outcome indicators and haemoglobin levels at end line
After the 3-month intervention period, mean weight-forage Z-scores in the treatment (À1.939) were significantly higher (P = 0.010) than in the control (À2.214) group (Table 3) . However, there were no significant differences between length-for-age Z-scores (P = 0.104), weight-forlength Z-scores (P = 0.064), mean weight (P = 0.133) and length (P = 0.536) between the treatment and control groups. Table 4 shows that the difference in the increase weight (P = 0.433) between the treatment (0.988 kg) and control (1.086 kg) groups, as well the increase in length between the treatment (2.992 cm) and control (2.941 cm) groups, did not differ significantly (P = 0.744) at end line.
In addition, the mean haemoglobin level of the treatment (10.145 g dL À1 ) and control (10.463 g dL À1 ) group Complete data for analysis n = 100 104 completed study 100 completed study Figure 1 Study randomisation, recruitment and participants lost to follow-up.
did not differ significantly (P = 0.115) and was below the WHO reference cut-off value of 11 g dL À1 for healthy IYC (4) . However, the mean increase in haemoglobin level in the treatment (0.483 g dL
À1
) group was significantly lower than in the control (1.170 g dL À1 ) group (Table 4) .
Proportion of anthropometric measures and haemoglobin levels per treatment and control at end line
The proportion of IYC with MAM who attained a weight-for-age Z-score of greater than À2 Z-scores after 3 months of supplementation was higher in the treatment than control, although not significantly different ( Table 5 ). The proportion of MAM (weight-for-length Z-score) among IYC in the treatment group (9.6%) was below the WHO guideline of 10% for sub-Saharan Africans (22) , warranting public health concern. More than two-thirds of IYC in the treatment and control groups had a lengthfor-age Z-score of <À2 at end line because catch-up growth takes longer to manifest (14, 24) .
Discussion
This is the first study to evaluate the novel supplementary porridge (MSBP) in terms of its ability to treat MAM in IYC. The findings of the study provide evidence that MSBP can be used to improve weight-for-length Z-scores and not haemoglobin levels among IYC with MAM in a low-income setting such as Uganda.
Infants and young children in the treatment group gained 131 g kg -1 body weight at 3 months, whereas those in the control group gained 122 g kg -1 body weight. A possible explanation for the comparable weight gain between treatment and control arms could be related to the optimal energy and nutrient density of MSBP or CSB+ in conjunction with appropriate complementary feeding practices regarding MMF, MDD and MAD resulting from targeted nutrition education. The IYC were able to meet their protein and energy requirements to enable growth and repair by consuming MSBP at regular intervals (2, 3, 10, 12) . The results of the present study compare favourably with the findings of studies conducted in the Democratic Republic of Congo (24) and Malawi (10) , Table 2 Baseline socio-demographic characteristics of infants and young children (IYC) per treatment and control group Socio-demographic characteristics (n = 204) where no significant difference in weight gain was found between treatment and control groups with MAM receiving supplementary food. Thus, MSBP, formulated from locally available ingredients, demonstrated its potential to adequately increase energy and protein intake to facilitate weight gain among IYC with MAM. The mean IYC haemoglobin level in both the treatment and control groups was lower than the WHO cut-off values (11 g dL À1 ) for IYC (4) , thus being indicative of anaemia. The mean increase in haemoglobin level among IYC fed MSBP at end line (3 months) was lower than IYC who received CSB+. This finding could be attributed to the fact that CSB+ was fortified with micronutrients including iron, whereas MSBP was malted and unfortified. However, the improvement in haemoglobin levels among IYC in the treatment group could be attributed to the active enzymatic sorghum malt effect in MSBP facilitated by the cooking process. Nevertheless, the lower mean haemoglobin level among IYC receiving MSBP did not compromise weight gain. This result is consistent with earlier studies reporting that iron supplementation of IYC at risk of growth faltering does not affect weight gain (21) . Thus, it may be optional to fortify MSBP with micronutrients.
In the present study, MSBP supplementation (treatment) yielded a satisfactory recovery rate compared to CSB+ (control) in the management of IYC with MAM. However, the recovery rate with MSBP was higher than in previous studies that reported modest outcomes regarding the ability of processed legume-cereal supplementary foods to manage MAM (9, 10) . A possible explanation for the high (>75%) recovery rate (25) could be attributed to the optimal energy and protein content of MSBP, coupled with appropriate complementary feeding practices. Nevertheless, the results generated by the present study compare favourably with those of previous studies conducted in low-income countries (11, 13, 14) , thus confirming that the provision of energy rich, nutrient dense supplementary foods increases the recovery rate in IYC with MAM as indicated by weight-for-length (3, 11, 12, 14) . It is important to note that a monthly IYC weight gain of 0.3 kg or more among those receiving MSBP is sufficient to yield a satisfactory recovery rate from MAM (15) . Consequently, MSBP can be used as an alternative supplementary food for the management of MAM in IYC.
In conclusion, supplementing IYC with MAM with MSBP for a period of 3 months resulted in improved weight-for-length Z-scores and not blood haemoglobin levels. The findings of the present study provide empirical evidence that MSBP can be used as a supplementary porridge in the management of MAM in Uganda. Therefore, the potential of scaling up the use of a novel supplementary porridge such as MSBP should be promoted.
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